Abstract: A recent study by Wylie et al. (2006) has revealed that s-process element abundances are enhanced relative to iron in both red giant branch and asymptotic giant branch stars of 47 Tucanae. A more detailed investigation into s-process element abundances throughout the colour-magnitude diagram of 47 Tucanae is vital in order to determine whether the observed enhancements are intrinsic to the cluster. This paper explores this possibility through observational and theoretical means. The visibility of s-and r-process element lines in synthetic spectra of giant and dwarf stars throughout the colour magnitude diagram of 47 Tucanae has been explored. It was determined that a resolving power of 10 000 was sufficient to observe s-process element abundance variations in globular cluster giant branch stars. These synthetic results were compared with the spectra of eleven 47 Tucanae giant branch stars observed during the performance verification of the Robert Stobie Spectrograph on the Southern African Large Telescope. Three s-process elements, Zr, Ba, Nd, and one r-process element, Eu, were investigated. No abundance variations were found such that [X/Fe] = 0.0 ± 0.5 dex. It was concluded that this resolving power, R ∼ 5 000, was not sufficient to obtain exact abundances but upper limits on the s-process element abundances could be determined.
Introduction
Globular clusters are a rich area of study. They are very old and therefore can be studied as remnants of the early Galaxy and Universe. Their galactic orbits as individual clusters, and as a system of clusters, provide information regarding galaxy formation and structure. In addition, based on the assumption that all the stars in a globular cluster (GC) were formed from the same gas cloud, they provide a unique view of stellar evolution and nucleosynthesis. Variations in chemical abundances between the stars can be investigated as evidence of the different types of nuclear processing that occur as the stars evolve, or as evidence of inhomogeneities in the initial gas cloud. It is this latter area that the work presented here addresses.
Extensive literature is available on abundance variations, particularly carbon, nitrogen and oxygen abundances, within GCs (Gratton et al. 2004) . As larger telescopes and more sensitive instruments become available, heavier elements have been added to the list of observed anomalies. Most recently, s-process element enhancements have been observed in asymptotic giant branch (AGB) and red giant branch (RGB) stars in 47 Tucanae (47 Tuc) (Wylie et al. 2006) . For AGB stars with mass greater than 1 M⊙ the third dredgeup (TDU) occurs with the mixing of s-process elements formed in nuclear reactions in the C 13 pocket into the observable surface layers (Busso et al. 2001) . However the AGB stars in 47 Tuc have mass less than 1 M⊙, making this an unlikely cause of the observed enhancements (Gilliland et al. 1998) . There is no equivalent mechanism that would produce the observed enhancements in the RGB stars. The most likely explanation for the enhancements is that the gas cloud from which the stars formed was itself s-process enhanced. Alternatively, the stellar atmospheres were polluted by stellar winds (Cannon et al. 1998 ).
Until relatively recently high resolution spectra could only be obtained for the brightest giants in GCs as the remaining stars were too faint for this type of observation. As the bright giants are evolved stars their atmospheres may have had the products of internal nuclear burning mixed through them, modifying their spectra. However, stars on the main sequence (MS) have not yet experienced mixing and it can be assumed that their spectra reflect the chemical composition of the initial gas cloud. 10 m class telescopes have the capabilities to observe these fainter dwarf stars in GCs. By comparing the spectra of main sequence stars to giant branch stars in the same cluster the intrinsic chemical composition of the cluster can be investigated. A new technique which pursues this comparison is to analyse the integrated light from a GC. This is a technique that is being developed and will also allow comparison of galactic to extra-galactic GCs (McWilliam & Bernstein 2007) .
The purpose of the current study has been to motivate a medium resolution study of 47 Tuc using the multi-object spectroscopy mode of the Robert Stobie Spectrograph on the Southern African Large Telescope and the AAOmega spectrograph on the Anglo-Australian Telescope.
Telescope & Instrument Combinations
47 Tuc is the second largest observable galactic globular cluster and is only visible in the southern sky. Both the Southern African Large Telescope (SALT) and the Anglo-Australian Telescope (AAT) are ideally situated to perform a comprehensive survey of s-process abundances in this cluster.
SALT is a 10 m class telescope with instrumentation at the forefront of astronomical technology (Buckley et al. 2006) . Currently in operation on SALT is the Robert Stobie Spectrograph (RSS) which has low to medium resolution capabilities (Nordsieck et al. 2001) . The high resolution spectrograph (HRS) has completed the design stage (Cottrell et al. 2005 ) and construction has commenced at the University of Durham in the UK.
AAT, a 3.9 m class telescope, has capabilities for multiple object surveys using AAOmega and 2dF (Sharp et al. 2006) . These instruments have already been used successfully for element abundance surveys of globular clusters, including 47 Tuc (Cannon et al. 2003) .
This paper considers the feasibility of using RSS and AAOmega for the 47 Tuc s-process abundance survey. These instruments have comparable maximum resolving powers, RSS at R ∼ 10 000 and AAOmega at R ∼ 8 000. Comparison will also be made with the high resolving power capabilities of SALT HRS, which has a nominal maximum resolving power of R ∼ 60 000. Section 3 addresses the question of whether or not variations in s-process abundances of at least +0.5 dex will be visible in spectra obtained at the maximum operating resolving power of these instruments. The line strength visibility for a range of key r-and sprocess species will be explored in the effective temperature (T eff ) -surface gravity (log g) space represented by the colour magnitude diagram (CMD) of 47 Tuc for both high and medium resolving powers. Section 4 presents the results of abundance analyses of s-process elements in eleven giant branch stars in 47 Tuc that were observed using RSS on SALT in 2006.
Stellar Atmospheres & Line Strength
The chemical composition of a star is determined by the analysis of absorption lines in the stellar spectrum. Every line corresponds to the absorption of energy by an atom and there is a direct relation between the strength of a line and how much of the corresponding element is present in the star's atmosphere. However there are other factors which affect the observed strength of a line. These include the temperature, pressure and opacity in the star's atmosphere. When considering the stars in a globular cluster the two key parameters for classifying the evolutionary stage of each star are the effective temperature, T eff , and the gravity, log g.
Line Strength Analysis in the 47 Tuc
'T eff − log g' Space Figure 1 is the CMD of 47 Tuc (Cannon et al. 1998; Lee 1977; Hartwick & Hesser 1974) . The stars range in T eff from ∼ 4000 K to ∼ 6000 K, and in log g from ∼ 1.0 to ∼ 4.5. Figure 1 : CMD of 47 Tuc (Cannon et al. 1998; Lee 1977; Hartwick & Hesser 1974) showing T eff and log g (•) at which synthesised spectra are computed and stars observed using SALT RSS during performance verification (⋆). The six circular points on the CMD shown in Figure 1 were selected to represent key stages of stellar evolution at which s-process element abundance analysis would be undertaken. The T eff and log g values for each point are displayed. The eleven star-shaped points are the locations of the eleven 47 Tuc stars observed during the performance verification of RSS on SALT which will be discussed in Section 4.
The models and linelists used in the spectrum synthesis programme (MOOG,Sneden (1973) ) were sourced from the Kurucz website (http://kurucz.harvard.edu). Each model had a metallicity of [Fe/H] = -0.5 which is close to the metallicity of 47 Tuc ([Fe/H] = -0.7) (Harris 1996) . A microturbulence of 2.0 kms −1 was selected. The Kurucz linelists are semi-empirical and some adjustment of oscillator strength (log gf ) was required for individual lines (Kurucz & Peytremann 1975) . In particular, they were adjusted to include recent laboratory log gf values for r-and s-process elements (Biemont et al. 1981; Den Hartog et al. 2003; Hannaford et al. 1982; Lawler et al. 2001) . Initially the linelists and models were used to produce spectra that were compared to the high resolution atlas of Arcturus which is available on the NOAO website (http://www.archive.noao.edu). Arcturus has a similar metallicity to 47 Tuc stars. The log gf values of other species in the linelists were adjusted to provide a best fit to Arcturus. Synthetic spectra were computed for each identified evolutionary point in Figure 1 . Three spectral regions were synthesised based on lines used in Wylie et al. (2006) . The key species present in each of the spectral regions are set out in Table 1 Model spectra were synthesised at high (R ∼ 60 000) and medium (R ∼ 10 000) resolving powers. The high resolving power provides comparison with a current instrument (UCLES) at the AAT (Wylie et al. 2006) and an equivalent instrument, SALT HRS, currently under contruction (Buckley et al. 2006) . The medium resolving power is about the highest achievable with RSS on SALT and comparable to AAOmega's maximum resolving power on the AAT.
Each of Figures 2 to 4 and Figures 9 to 11 corresponds to one of the six stellar models shown in the CMD of 47 Tuc in Figure 1 . In each spectral region the abundance of the key species was varied with respect to the model abundance.
By comparing the spectral regions between the models, and between the two resolving powers, the changes in line strength for the different species are very clear.
T eff & log g effects on the GB
Figures 2, 3 and 4 show the synthesised spectra for the three giant branch evolutionary stages. The progression from the tip down the giant branch involves an increase in both T eff and log g.
Both the neutral and ionised lines show a decrease in line strength down the giant branch. However the ionised lines are much less affected than the neutral lines. This is expected as the ionised state becomes dominant due to the increasing temperature. However the increased temperature also increases the H − continuous opacity which weakens both line species.
The increased pressure has more complicated effects as the neutral dominated populations are changing to ionised dominated populations due to the increased temperature. Initially the neutral lines will weaken with the increase in pressure, but as the population becomes ionised the effect becomes negligible. The ionised lines will initially weaken considerably with the increased pressure, but as the population becomes ionised this effect will lessen.
The key observable in this sequence is the weakening of Zr I lines as the temperature and pressure increase, while the La II, Nd II and Eu II lines are less affected. The medium resolving power synthesis replicates the changes in line strength outlined for the high resolving power. All the features are identifiable and 
SALT Performance Verification
In June and October of 2006 spectra for eleven giant branch stars in 47 Tuc were obtained during the performance verification commissioning stage of RSS on SALT. Figure 1 shows the location of the eleven stars on the 47 Tuc CMD. The observations were carried out at two different camera settings obtaining two overlapping wavelength regions: 6020-6860Å & 5200-6150Å. These regions contain the key s-and r-process lines that were used in the study of theoretical line strength. The resolving power obtained for these spectra was ∼ 5000, which is not the maximum that will be possible with RSS. Signal to noise ratios between 50 and 140 were obtained. Table 2 presents the effective temperatures and surface gravities for each star that were calculated from the stellar apparent magnitudes and colour indices using the calibration equations from Alonso et al. (1999) . 4.1 Temperature Sensitivity Figure 5 shows both the observed spectra of the eleven stars and the synthesised spectra of the region containing key Zr I and Ba II features. The spectra are presented with the temperature increasing down the panel, replicating the traverse down the giant branch. This region contains two Zr I features and one Ba II feature. The vertical lines trace the line locations in each spectrum.
In the coolest stars the neutral Zr features are quite distinct and get weaker until a temperature of around 5000 K. The ionised Ba, while it does weaken slightly, remains apparent through to the hotter temperatures.
This nicely replicates the theoretical analysis, showing the more dramatic weakening of neutral lines compared with ionised lines. It also is a good illustration of temperature sensitivity, the strength of the Zr I features providing a temperature scale that confirms the scale derived from the Alonso et al. (1999) equations. The temperature sensitivity is replicated in the synthetic spectra. 
Abundance Results
Figures 6 and 7 present an abundance analysis of the two key spectral regions. In Figure 6 the synthetic spectra (as for Figure 2 ) are overlaid onto the observed spectra for the Zr I & Ba II region for four of the stars. The error bars give an indication of the uncertainty due to noise in these spectra. The coolest star provides the best estimate. The Zr I features are prominent, again traced out by the vertical line. This spectrum best fits the model synthesis, indicating no Zr enhancement. The Ba II feature was also fitted best by the model abundance synthesis.
For the next two spectra, both of ∼ 4500 K, while within error [Ba/Fe] , [Zr/Fe] = 0.0 there is the possibility of some Zr enhancement at a +0.5 dex level.
For the hotter stars the Zr I features have diminished too much to observe abundance variations. The Ba II feature is still prominent but the noise levels of these spectra do not give a convincing argument for anything other than model abundance. Overall an [Zr/Fe] but observed spectrum overlaid on synthesised spectra. The observed spectra with T eff = 4890 K shows an absorption artifact due to a cosmic ray. The analysis of these spectra shows that [X/Fe] = 0.0 is the best solution in all cases with upper limits on the abundance values of +0.5 dex. For future RSS observations obtaining the expected maximum resolving power of 10 000 will provide the required resolution to refine this upper limit.
Future work -Main Sequence
Comparison between the AGB and the RGB of a GC will provide a test for TDU if the AGB stars are sprocess enhanced while the RGB stars are not. However, as the spectra of GC MS stars correspond to the chemical composition of the initial GC gas cloud, to really investigate pollution versus nucleosynthesis theories the investigation must inevitably be extended to include the MS. The 10 m class of telescopes have the capability of observing these faint dwarf stars in distant GCs. As discussed earlier, this investigation is also being pursued via integrated light techniques on 2.5 m class telescopes (McWilliam & Bernstein 2007) . Figure 8 shows the apparent magnitude limits of current (solid line) and future (dashed line) samples of 47 Tuc stars from high and medium resolution instruments on SALT and the AAT. The SALT RSS limiting magnitude is expected to be ∼ 22 mag which is sufficient for the spectra of main sequence stars in 47 Tuc to be obtained. 
T eff & log g effects on the MS
Of the six evolutionary points on the 47 Tuc CMD in Figure 1 , one lies on the main sequence turn off, and two lie on the MS. Synthetic spectra were generated for these points as for the GB points in order to determine the visibility of s-and r-process lines at these temperatures and gravities. These spectra are shown in Figures 9 to 11 . Progressing from the giant branch, the increased temperature causes increased ionisation which strengthens the ionised lines. However the lines are weakened due to the increase in continuous opacity and the increased pressure to which ionised lines are sensitive. Figure 9 shows that the line strength of the ionised lines has reduced significantly in the high and medium resolving power spectra.
The effect on the neutral lines is much more dramatic. Both the increased ionisation and increased continuous opacity weaken the neutral lines but there is no effect at work to strengthen the neutral lines. Figure 9 shows that in the high resolving power spectra the neutral lines have almost disappeared while in the medium resolving power spectra they are non-existent.
Figures 10 and 11 show the synthesised spectra for the two points on the MS. The models have the same log g value, so there is no change in pressure, but the T eff is lower for the point further down the MS. The differences in line strength between the models is due to the decrease in temperature. However the pressure is very high and the change from an ionised to neutral dominated population increases the pressure sensitivity of both the ionised lines and neutral lines.
The neutral lines start to experience the weakening effects of the high pressure as the population returns to being neutral dominated. However the decreased temperature means decreased ionisation and a decrease in continuous opacity. Figures 10 and 11 shows that overall there is some strengthening of the ionised lines due to the decrease in temperature but the strong pressure ensures it is a small effect.
This comparison indicates that neutral lines are the best candidates for abundance analysis of MS stars in both the high and medium resolving powers. The resolving power of SALT HRS (R ∼ 60 000) will be required to fully test the hypothesis of intrinsic MS enhancements using these features. However those MS stars above RSS's limiting magnitude but still sufficiently low in temperature will have neutral lines that are strong enough to be observed at medium resolving power.
Conclusions
The analysis of these initial (PV) SALT RSS observations of eleven stars in 47 Tuc indicate no enhancement of Zr, Ba or Eu, that is [X/Fe] = 0.0 for these three species. However, the uncertainty is sufficiently large (+0.5 dex) that there may be some star-to-star variation. This will have to await the more extensive survey at the maximum resolving power (∼ 10 000) of RSS. The SALT RSS PV observations do provide an excellent temperature sequence and confirmation of the effective temperatures derived from Alonso et al. (1999) calibrations.
The exploration of the T eff −log g space in terms of line strength has significantly refined the line selection process for the abundance survey. The analysis shows that neutral lines are observable over a greater range of log g values than the ionised lines, but within a smaller range of T eff values. Conversely the ionised lines are observable over a greater range of T eff values than the neutral lines, but within a smaller range of log g values. This broadens the range of temperatures and gravities from which the survey star sample will be selected.
The characteristics of the instruments under consideration further limit the star sample. The medium resolving power of RSS and the magnitude limit of SALT do reduce the sample options with regards to the MS. There is a small range on the MS where the temperatures are cool enough and the magnitudes are bright enough that abundances could be obtained using RSS, though SALT HRS is more suited to obtaining this data. However, s-process element abundance analysis to just below the horizontal branch, which this analysis shows is quite possible using RSS or AAOmega, will provide definitive results on the nature of s-process element abundance variations in 47 Tuc.
The next stage of this investigation is to consider globular clusters over a range of metallicity. The stellar models considered so far have a metallicity similar to that of 47 Tuc. The s-process element abundance survey results for 47 Tuc will then need to be compared to observational surveys of other clusters at different metallicity. This will show whether any s-process element abundance variations are isolated to 47 Tuc, or are a general characteristic of globular clusters.
